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Abstract (Basic) : 
Abstract (Basic) : 
NOVELTY - 



EP 993048 A2 

A semiconductor device comprises: a crystalline substrate 



(1) having a crystal plane provided within a primary surface so as to 
have a surface orientation different from a surface orientation of the 
primary surface; a semiconductor layered structure grown over the 
substrate; and an active region provided at a portion in the 
semiconductor layer structure above the crystal plane. 

DETAILED DESCRIPTION - An INDEPENDENT CLAIM is also included for a 
method of fabricating a semiconductor device. 

USE - Semiconductor device, particularly nitride semiconductor 
device such as a blue laser and a fast operation transistor. 

ADVANTAGE - A semiconductor device is provided with a high degree 
of reliability and performance by reducing lattice defects in an active 
region of the device. 

DESCRIPTION OF DRAWING (S) - The drawing shows a cross- sect ional 
view of a semiconductor device of the invention. 
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[0 0 2 7 ] GaNJl 1 5 ©Siffi«tKr>fctt^CBa<D 
&£3 6Ccj)S6«!>SC, 1^3 (d) K^t-J^CC, 'J7 
PT^t^-l*>^v^>if{cJ:*) % G a NIH 1 5 (Di&tK 
Bffl«b©-»o*j*K:eiSP30«"C*SJ:^tC % GaNIl 
50C»i2©ailr*Slffliai 5 a*KW-5. CCOIiaftl 

IHOl 4 a<Dfc<7)£|Hjl;r&& 0 for, 03 (e) K 
5VTJ:5fc, GaNJl 1 5±&CH V P E&K<fc 0 /P3 2 
0/im<DGaNI16HMt^ CCD<b£\ AINU 
1 4©C3BU±OGaNJIl 8©tfr?^BaB, GaNl 
1 6<Dm&<Dmftti>lCA 1 NJB1 4CD|M]gl5**CC^J 

frixmmb, ^*sritt<D«hf^Baccii*s. c 

[0 0 2 8 ] «»tc. 03 (f) CC^fot^CC, GaN 
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SI 6©fi^Bffi«b±«CMOCVDffi*ffll>, J¥32 
MmCDT> F-^GaNi 17, fSlO 0A©nlG 
a NS1 8 $6(cC(DniGaNll 
8±CC. y-h^gl9, V-^li20, 

[002 9]tfte, y-hS®19tC«, Au, Ni,- 
Pt, Pd*jJ:tf**i6©*3fe. tt^BaSt 
#4. 5 eV«±,. SI*L<tt5 eVJM±C!)3W#*ffl 
10 HicWRl*. V-^li2 0*5iO\ FU-f>«fi2 

HCtt. AL Ti, In, Ti NteJttf**i64>&& 
*»fb&*tt<* tfc*B8«*5 e VJMT, M£L<124. 
5 e V«TO«*#*ffl^*©3WK^- 

[00 3 0 ] ^ItMO^BCCfctf F7>^ # 

SR^oy- F««t*4naGaN«l 8©y- h»K 

19iaf55te, fi5«B««b'C«flE3n.*fca6, h 

[003 1] *3afeO»«tc*yW4*««t h £ 

<Dt8S!jM^-C*ay- h«^«HF^B*«(S«3tlfcC 
[0 03 2] *SI»©^!B(CfcWS*a^h^> 

nss^fr 7 o o o crKjftf-x h *tf ftfp-f- 
*$ws*2iw*F^>^^5'* j j L tt, ioooB#ra0-^r 

[003 3] #fS»©»«&c*Jtt b * 

*-f<DB0eil 4 aCCiOJB^ESnsaii, GflQlSaCC 

1 5 atcj:0»JESESti*«*iafl 1 4 aKJ:0JBjS3ti 
^^tcSLSc^iintf, IKDOtae^M(C(>«H^Ba«ft 

40 [00341^/c, IHCKDJBtttt, HJfcO»JBCC*il»r 

[0 03 5] *fc. J:0El^ffi^B««*»i{Ctt. Ofl 

[003 6] *te(WB«fc*a>-Ctt, (S^BfiRttCc^W 
!T3R^<0*§ttS^**t*: h 7>yx*3R^coy- 

50 [0 03 7] (XtkCD^tt 3 ) H 5 tt, 
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^||<DnMGaNJ;9&&, (0, 0, 

0, 1) r**atKl*6«lSStl, a 

4. C<D0nO»^WT -5Sffil±5C, J?3 5Mm<Dn 
SSGaNJ12#»J&R3*i"Cl>S. ng{GaNJ12 
±&C, »3 0. 5ymOnIAlGaN^77FI3. 

(A 1 iGaOSBJtiil 0:90), 130. Um 
©nSGaN3lc^ FJ14, IPS 5 nm<D InGaNl 10 

(EBW«\ I niGaeDiiSth«5 : 9 5) i/f 35 
n m<D InGaNl <EBHi-i\ IniGa (Dfiflittt 

15:85) Ltc&Qm&StitL I nGaNi^FJ: 
OaSiStEtiS, JP30. 0 5Mm©pSGaN36*V 

KJB6 . J?30. 05ium©IlOpfAlGaN^7 
* FJf 7 (A 1 iGa^tM 1 0 : 9 0 K *I2 // 
mOggP£WT£IP3 0. 5/imOSi)S»?i8S:8W 

tt^iS 5 a **JEdfr S . S fc, ttHEIOTJI 8 ©«M 20 

01 (DpMA 1 GaN^5 v KJB7 i^lO^tS 

S8(Ot#Sil>r, G a N v AlGaN^fi:^^ 
A 1 ISL Si OSjiZCDmm&Zm^X 
[0 03 8 ] *SKWPPJi8±R:tt, J* 3 1 um<Dm2<D 
piA 1 GaN^7^ FJP9 ( A 1 t G a ©fiBJttt 1 

0 ■: 9 0 ) * J»3 0. 1 Mm©paGaN3»^H 

1 0 3&sJB%?R«3tiri,»S. 

[0 0 3 9 ] 3 6tC, *1RltCttnS[«ttl K pMG 

aN^>^^Mi o(cttpai«ai 2^^n-enmo 30 

mE^EPftJT^CiCCctO I nGaN«^#F«fc»)tt* 
[004 0] ^HSSCD^(Cfc^^^^g^, £® 

*j(o, 0, 0, 1 ) T*sK«i©*ffioceia$# 

(0, 0, 0. 1) tHICffi&tt**3«cli|Hi!h«Bft* 
WT5fc«>. nMGaNM2 0DiB B B B^^^, 8^3* 

MGaN12 ^ttS^F^ a^Jt«W^ai*««r* -6 40 

(o, o, o, i ) ffi(cjFtusie*fD]cc»au"cc>fcffli 

*LC*©ttS5*r fettle t£SfrfK^5a£. 
Sffi 1 ±fc»J5E3tlfcfif» t H CaS(C»J5)E-r -5 C <!: CC 50 
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[004 1 ]*^ aifi i c^sicjaJienccegaMfi^ 

Ktthtf* «Mft«*5a*ja)Wtt«C»jaE4-*ci#r 

[0042] ^c> s« i oifl (38*©»*3 r 
tt. (0, 0, 0 V ilUGffi^fi* 

( a ) KSVTJ: 5 tc, 1 ±CD— 1 3 T 

w^ffi^ws&o. ^c, me (b) tcsvrj:^ 

F^-fx**>2^cJ:*5®Rl tmmc^*9tt\ 3 *> 

^>y3*ifcawr?H6 (c) ic^-rj^cc, os*ss 

S i cDdb^PSc^Mf ftSPfe^ 3 & I* Qu ore ji: £ Sir I _h 

[0 043 ]I«1 <Dffi#fft£ Lttt, £#A£ISB<Z) 
( 1 , K 1 ) ffl. ( - 1 . K 1 ) ffi. ( 1 , - 1 , 
1) m. (-K - K 1 ) (K K - DM. 
(-1. 1, -1) ffl, (1, -1, -1) ffl, (- 

1 . - 1 . - 1 ) Ms *4l^i/\*fl5fi*a»#(D (0, 
0, 0. 1 ) ffi, (0, 0, 0, - 1 ) ffifc£*i»Rr 

[0 044] *^<0»*«ctoWS*«M«6«*JBJES-r 
*/c«)©, ISaflERO^rffiiL/Ttt, MOCVDffi, M 

fc#ffi*JBl>4££*J"C*S. 

[004 5] ^lEttO^nccto^S^mttXtt. SSK 

[0 046] (ia6<0»*4 ) *(C, **IB©HilS©JB 
[0 04 7] *r. i7 (a) CC^TJ:^CC, 1f:7W 

r (o. o, o, i ) s&r«/£3ftfcs«n±cc. m 

OCVDffi4fflk Sl^ffl 0 0 0"C"CW3 5/imO 
A 1 NJB1 4*»JSET4 0 A 1 N@ 1 4*iC«, A 1 N 

isa^auri^ 0 

[0 04 8 3 ^CCC. H7 (b) fiC7nT<fc0 6C, 'J7^f 
^*^>r^>x^^>i/ccj:»9, A 1 N@ 1 4CD^fflCcJfT 

(Dam*, A 1 NH 1 A<D ( 0 , 0 , 0 , 1 ) M^rWT 

*cttt<jBj«3ti*. cconaam^i 4accj:orat 

2. 0>£r3liRL<*: o 
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[0 04 9 ] &6C % M7 (c) CtTjVf <=fc^K, A 1 NJf 
1 4±KMOCVDffi*JBl\ ffS 1 0 jumQGaNJi 
15t«fiS-r*. t<D£«N A 1 NJi 1 4CDGag|5±CDG 
aNI15 cDtS^RS att, G a NJi 1 5 (DWmcDMff 
<t£feOCA 1 N/fl 4O[in§P4 3 3feCC^I^oT«#g0, 
#Tl®5©^MfiaK£<b*£ 0 S&tttKGaNJf 1 
5©fiffifc#aT«»^«aB* A1NI1 4 CDDOSP 

j£3*i&„ 

[0 0 5 0 ] GaNJi 1 5©affi«caofc«^CBa© 10 
ftiSefca^-TACC, 137 (d) ^-Tet^CC, 
#F <t 7 J GaNJ115cD*S^ 
^a3WCa»fcffi«rSJ:9R:i£!r»W (0, 0, 0, 

I ) m*WS&^Dfli2r«JSl 5 zZ&mVZo Z<Df%W 
dMfjil 5 aCD««8BIHO«iSl 4 a ©JHJ8iG>2 f&<tT 

tUt, B7 (e) fc^T^Ct, G a NJI 1 5± 
tCHVPEffifCJ:f)fl[S2 0 wmCDGaNJl 1 6 %Bf& 
COi*. G a NJI 1 5 <DG0n!$_hCDG a NI 1 6 
©tt^BaB, GaNJf 1 6 ©*S©MfT £ £ CC G 

#?-fcBaK:*4**. Chic**)* *H^Ba**3 6 

[0 0 5 1 ] 07 (f ) COrrrJ^C, GaN 

II 6<OfiJ«««b±KMOCVDffi4ffl^ /S32 
M m©7> F — ^G a NJI 1 7 % J13 1 0 0 A<DnSG 
aNIl 8£J»^>£T£ fl $6tCCl(7)niGaNll 
8±fc. y-MSl9, 7-Xti2 0, FW>H 

[0 0 5 2 ] ^HJfecDm^Cc^^i^gft^^, SUfecD 30 

[0053] a*. 4^8*o»«*c*w«eif^j&« 

£.» 40 

[0054] (mMomms) msu, ^m<omm(D 

7Wo s H 0nSGaN (0, 0, 0, 1 ) S«lrta& 
t&£3ft, *ffiteB*« 1 © < 0 , 0, 0, 

nIGaN12«$titl^ e */c, niGaNf 
2±lt t JS30. 5 MmCDnSA 1 GaN^7? FJB3 
(A 1 £Ga<DfifiJ£Bl 0:90), 130. 1 um 
©nSfGaNjfctf-f FB4 , J¥3 5 n m<D InGaNl 50 
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(EKH»\ I niGa©aflJ;tB5 : 9 5) £J13 5 
nm<DI nGaNJt (H^er, IniGaOSBibtt 
15:85) tt,c<i:*)m&$titc\ nGaNi?#FJ; 
5tt5igttJ15 % »S0. 0 5mn©paGaN36#>f 
FJ16, m$0. 0 5 jum(D$l(7)pMA 1 GaN£5 
* FJf7 (Al iGa COSStbB 1 0 : 90) , 1&2 u 
roOBBP*^ 3/13 0. ^amOSiUKVJIS^jR^ 
5. &4s, I n G a Ni^p J; 0 ^ 5ffif4i 5 (cfctj 

«WH«5a*«jatr*. «suft¥*8 4>v«g 

tt t S&lOpfflA 1 GaN*5 v KJ17£Bffi©2»«a 

B8O»»i0-C, GaN, AlGaN^^iW 
A1N, S i O a ftif(Dil*3»(**ffll»rfeJ:C» a 
[0 0 5 5 ] «8E»spJ18±(Ctt, JS3 1 Mm<D^2cD 
pSA 1 GaNi'v v FJf 9 (A 1 <h G a ©fflfiJtB 1 
0:90), f30. l/ira<DpMGaN3>^^H 
1 0#JB#UKfifc3*vCl>4. 

[0 05 6] IfiHCBniWl K pSG 

aN3>^^hii occbpS2«si 2#s-?-n-e t ftgx*) 

[0057] i&&<D»nKtott&zm#mm** ^ 
worn* t tmuft<Dmm<Dmu £ © a^r » * s # 

tiro*, cnccct*), s«n cc#ft-r 5 attott*^ 

Ba#> j««*ifiik:Jltfi-*C43W»if6ti, BnOMfi 

cntctft\ nfflGaN»2Ktt«^aBa3WJt«WJ5l> 
ttt»ffl«r*Sffi»PB»«b3fl*»«3#irt»*. 36 
*C k n MG a Ni 2 liCiBMST-S nMA 1 G a N f 
5? FJB3. nfGaN3tW F»4 % teJctf I nGa 
N*-7#FJ:D«caySI4JH5K:tJW4nSGaN«2© 

6 D CC~C\ ftgttftgJS 5 a B, InGaNi^FJ;^ 
a4tSfM5©(a^B«WbK:»j6aEShrir»Sfc«E). ffi 
«MS*5a*0«HF^BatftJ>«cC>. cntcJ:0, CCD 

[0 0 5 8 ] tc*5, C©t6«ffi«5aB, InGaNl 

[oo59]^t sci o«m«:»ww«cDfleiflia* 
Rtfha, a«i±fcfiXBiii«b*awwccj&jitr* 

[0 06 0] Sffil Offi^fi^ LtB, fi[***»ftO 
( 1 , K 1 ) ( - K Is 1 ) S, ( K - 1 , 
1 > ffi. (- 1 , - K 1 ) ( K 1 . - DM, 
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(-1,1,-1)®, ( i, - k - 1 ) m. (- 

1. -1, -Dffi. *4l4*A#»*^flKD (0, 

[oo6i] *iitt©^«(cfcws^(*«a*»flE-r 

&tc£><D. ^^(O^mtLXit, MOCVDS, M 
[0062] «»(DJI5«<C*Wi*S|^«<COl>"C 

ia»oji5s i tmm<D5 4 h*ifofcis», io io 

0 o i^mar fe^»3&s«rf^ nw^«ft©±Stt^r 2 
[0 063] Oltt<D}££6 ) ;wc. 4&H<D9glk<Z)J& 

[0 0 6 4] 09 (a) KIt}^ ?4 

T (0, 0. 0, 1 ) S«T?«JffiS*ifcS«l JiCC, M 
0CVDS4fflt\ ffiflgfeftl 0 0CCr«S5 
A 1 NJB 1 4*JBfl8-rS 0 AINU 4* KB, A 1 N 

[0065] #tc, 199 (b) Ct^T<fc^K. A 1 NI 

1 4(D*aCcS«l O (0, 0, 0, 1) ffiOffittitt 
■rSfO*#3^9 0 Ka± i ft * J: 9 & [MI 
Q»Jftl4a*RW*. C©EBer«ai4a©«)Httl 

Site. COHiilWjfil 4aCcJ:orttffiSia*'|nJ«: 
3Bfl5S#a4»©*|fiJ», <1, K -2, 0>~C&& 0 
[0 0 6 6 ] 09(c) OCtjVT J; 5 CC. A 1 NJ1 

1 4 ±tCMOCVDffi*fl§^ J¥3 1 0 /i m<DG aNl 30 

i 5 * j&s-r % 0 c<D£* % stmsmoxm j*se«* w 
^ciitfT^cch^tf en, GaNi i bcomm^o 

*fc, »*XD03»©5aBttA 1 NH 1 4©KI»± 
©GaNI15£Dft^||a^ G a NJt 1 5 (Di£fS<D 
jttf iifcCCA 1 Ni 1 4<Dm$&cp£:< l Cfilfr~>Xm& 
U WCUBOtt^lBatcai**. MH^KiGa 
NJB1 5©«BfiC?W£-r4«H^IBaB. A 1 N»l 4 
CDDa§P**#ifi<!:, A 1 N«l 4C!>*m©ei»*f(WfiS 

[0 0 6 7 ] GaNl 1 5 ©^ffiCC»r>fc«-¥-£«Ba© 40 
»*SeK:«^-rAtC % 09 (d ) tC^-TJ:^CC v Ga 
N»l 5©{SKB««b<D— -3*j*Ccdb»3&s-C*SJ:5 
fC. GaNJfl 5(cm2©©^r^>^DnOfiiigl 5 a* 
Ktt*. C^[M]Ot^l 5 acojgj^ fl»©±H©«, 
fcJ:i>«$lt -en-enGadyt^l 4aCD*>CDil3G-C 

c©£*, (o, o, o, i) m<D&mtw&ffi 

&Df9M<Dtj:?Pl<Dj:& 3 i* 9 0 fi«±T* £ C i #S 
*L/l>. *€■ L-T, B9 (e) tc5Vr«fc5K: % Ga NH 1 
5±tcHVPEatCj:0jlS2 0 jumCDGaNJll 6* 

C<D±%, A I Nflf 1 4CDDflSB±CC^)^G a 50 



2000-156524 
14 

NH 1 6 <Dt&^KJS a © 5 . RSiE^^ttfiSfi* 
RS» % G a NJB 1 6 <D*iK(DiI*T<b £ i>tt€A 1 NJi 1 4 

[0 06 8] *atc. H9 (f ) «Cijri\J:9K:* GaN 
■ 1 60i5WBW*b±{CMOCVDffi*ffll^ H32 
/im<D7>K-7'GaN117, JI5 1OOA0nSG 
aNll 8*JRWgJ5E-J-*. $»5(CC0naGaNil 
8_L&£. $*-F«Sl9. FW>« 
@2 li*Mtmv&Cttc**)¥m»h5>t?x* 

[0 06 9] 2|s:^CD^CC*j^S^2g{*^g(7)Sffilfr 

[0 07 0] <3gtt<DJBM7 ) ;WC, *AH<D9EK<!)J£ 
ft7tC4sWS^z»f*:U-ifSgKCCOLJt:, 01O£J?Jl> 

[0 07 1 ] HI Ofc*st»T, z^ffl^r-fT (0, 
0, 0, l)ifil©±fc, 0 5 m mCDA 1 N 

A^ 7 122 4 g^l, 0mn(DnSGaNI2 3, 

0. BumOJSffiRA l 0 . a Ga...N«ift^n^^JB2 
4*sjlM3*VCt>4. A1N^?7tI22, nfGa 
NI23, «8K^Uv^J12 4©cfiectt«HSK10ffi 

Sfc^n* i7g2 4(D.*»Ai±»B5CB, nSAl,., 
Ga 0 . s N^7*; FJ13 3WB3E3 
? FJB3<3D_Bctt* JP30. UmtDnMGaN^V 
FJ14. JS3 5 nmCD I n B . os G a 0 . , , NH (B*tf 
T) <L/13 5nm<D I n o . 15 Ga 0 . (5 Nl (HSHtr) 
ttcJ:*3«JsJESrife I nGaNft^#FJ:0ft^r£t4M 
5. »30. O5/2in0paGaN*^Fl6, )¥3 
0. 8/imOpIAl ( . 1 Ga,. ! N^79F17,S3 
0. 5um©pffiGaNa>^d? FJB 1 O^JSRShT 
1*4. nSGaN123ipSGaN^>^^F 
B10©±tC(i, 1*5*^1 2*S*tl 

^ 1 2 <DPJCcSSE*^~r <b . MvRA (D±Si5(Dffitt@ 5 
[0 07 2] *^SBS©JBJS(cte(ri"C«. m^^n ? £B 

2 4^©KWA«:*si>ras*W'rsfca>«c, 

F B 3 <D»fiJiSfi#l5!#aKaSA OfflfE©«* (Cj£ DT #4 
A*fo]i&4. C<Dtcib, S5«CD^Bafc^gPACCfel> 
•CtJ^fSlfCfiEgl, ^B<0^ftl>««b3&iJBJ5KS*i 
^ii^tc, «»A<oflHW*>e»»»ccjiWi/-c#fc^B 
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weans ^m^u-irms<Dm^^±-r^ * 

31. 3BOii©»»k:toW4^Wu-l«6«*, SSI 
0 0 B a *UJ*3 0mWr^ttl*it»ttfP3ti:/ciC 

[0 0 7 3 ]^t 4^©»««Cto»*^|C»U-1f 10 
l«Jflc<DiBl*A 1 GaNtffljai/c^ S«yp?^| 
i5C»A l«jflE©A 1 GaNCCUrfe, ffiffii 4 

*&£CcT4 C <bCCct 0 , ,*a$A ©fflJf*^* ^ n * £ 
■ 2 4<DH*aU:9fctt<r*&<D"C* fSDfrpltcxh^ 

[0 0 7 5 ] 5 »*<D«flm&j5DK3ttS. 

b^GaN123, * ^ y KB 3 *pSL mffi^n v 2 
12 4£Kt5KSft:M:naL *^*FJB7* 

l>. 

[0 0 7 6 ] *3afco»««ctew«^N»»u-if 30 
ttE-Ctt, rSftJIS: I nGaN, *ftJMi*©B4A 1 . 
Ga l „N (O^x^l) t«0/c?5^ — fiSCC&H* 
BuAlvGa, In^u.v-.N (O^U^h 0^V^ 

i . .o^wn ) -c«3ti*a4t*»^t^«*«#«m 

I >T P9fteD3Ml£9 & c t tfi * -5 0 
[0 0 7 7 ] (!QtcDJftB8 ) H 1 1 *jfe!S©3W 

[0 0 7 8 1 012 (a) CC^TMUS^ 1 ttA^S© 
G a N ( 0 v 0, 0, 1) SKrAO, 40 
#1 x l o a cm- 3 cDS5ar*Mk:^r^Lrc^ e ft 

h MC«fc4v;*£ l 3*RSi-rS (B 1 2 
( b ) ) o #^te©JB«Ttt, 7 * h U^* h©i|>I* 8 
urn, BaPSB^ 1 6 MmitSo BC 1 , #XCt<J;4K 

SUmi^>yt5Cit, OSBOiH* 1 7 w m , [Ml 
gpornl^si 7 Mm. IBS 1 Mm(DXh7-/^tKOJBJtBW 
a«ftftfp«-r4 (B12 (c) ) . 0»©ffl#, 7* 
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A Ki**>ys*ifcC£«:J:4. 
[0 07 9 ]7X^13^|Sl/tfi CCD±&C&H£ 

A£Tl"£~T<D*:J\>m&tt&G a. : N= 1 : 5 5 0 0 

4 0 como (o, o, o, i ) ffl±©jaifiafttt»«F 

2firar ( 3B*IHJ&R*fr9 (H12 (d) ). feLb© 
Jft£tC<fcQGaNJ|2 5 *cD^P@a« 1 j£tc2 <b $ 0 , 

i&xmm b # am s tir ^ 4 . 

[0 0 8 0 ] tt*5. 1 3©ttf4<!:LTtt, 

©BC 1 3 <pffi, C I 2 ^S i C I &mZ^i?t?X 

[0 08 1 ] (%tk(D«tt9 ) H 1 3 tt, **W<DSW 

[0 0 8 2 ] GaNX«U *C»8©|g*D»tt£^<EJ 
iOSffit, iMJ(D«#t7 Mm, en»©«*s 1 7 Mm, 
ffiS 1 m m£>* F7>f ^W©HJHWtt»r 1 (D&Sk&BBi 
U GaN12 5%3^m^!ES-rS. ;X*C, »K 1 fc& 
SiK^fcOiHCSffiT. GaNH2 5CCi53B<D«36s 
7 Mm. DflgPOfE^l 7 Mm, ICS 1 m m(D7 YzrAV 
ttCE)H»W&W2©aiS*?BJ«rS. tOR, G a NJB 

2 5«:«iS-j-«aa«, ««©iaa»*fixiB«w**tf 

2 co^^rlMIdicDMISI^^Cc 8 m mf C t "C 
fcffi^K««rt CciR * 4 J: 5 U fc a ^ic , 
GaNJ12 5(D±tCGaNjf2 6^r, GaNJ!25<bgI 
D*fl=r3RWlJftftT*. 

[0 08 3] «±OJ:^tC, RfflPfiRij|R**tlOi«- 
Cit, GaN«2 6tC«GaNB2 5"tCit^ J:0lA 

[0 08 4] (XMO^S 1 0 ) H 1 4«, 
*6©J|5JB1 0tc*5WS*Sfi««©»rffiH-C*-S o SI 4 

<DiSfi»«of¥»^ffi*Bi i 5 ^ffl^rtftBj-r-Sc 

[0085]g|15 (a) 5c4aW 4*£e^S® lttGaN 

(o, o, o, i ) ««rr**. *afflEi±ccA i 

o.iGa 0 .iNJB27*l. (S15 

(b) ) . co^ttJteS^ffittWKHseritor 

VV S?)\'TJl>Z~0&±T> : f:~T$:m^X, Gai 
A 1 iNCD^l/^J&tb^Ga : A 1 : N = 0. 5:0. 
5:55 0 0itc5cl;^CUc o COit. A 1 0 . S G 
a,. s N127B^7 v*ts£<Dft&&m<3m.Vi> 
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x-,*>y&tj;9, A 1 0 .sGa o . s N12 7&CfS3 2 v 
m©T-**^«©»SI*»Jafr & (015 ( c - 1 ) % 
HI 5 (c-2) ) . COBMtt, A 1 o. jGa 0 . 5 NJl 
2 7©«3«fc5aK, JS»ttGaN»El*-caiL/rc» 
£<> A 1 .. s Ga B . s N3eS«2 7C0±(CA 1 0 . 5 Ga„. s 
N128^30 umtetS (115 (d) K COD 4 
S> A l D . s Ga..,NJi2-8fCtt. SS«©Jfc!B8 £0 

«XIB«*b3&s»jaES*i5. 
[008 6] C*l4ttjS0fc. Al 0 .jGa 0 .j NH 2 7 Cc 
JB«-r*«»DiB3*l #im4T*J!^tt±<B«©S' io 
A 1 ,. 5 Ga.. s NJB2 8 £3 0 /imJffiSl/c (0 

,. i Ga,. s N127tiot l GaN*«ni«Hl,T 

C^4^, A 1 0 . 5 G a 0 . 5 N12 8 (DfSBjGC 
tt. A lo.jGao.jN12 8#53 0 u m i/S*,*fc«>CC % 
GaNiA ! o . s Ga 0 . s N(DteT-^l^teJ:9£D/c^ 

[0 0 6 7 ] WJb^ffiS>7E?SK I 0 T/j^ly/ci: 5 vC* iSil 
£A l o . s Ga 0 . 5 N1274fii-CMt6C<L^7 
****£i;&< &*. gi?:Al 0 . s Ga 0(i NI27l: 20 
ffl^r^JSELfc«^*f¥ttCcH^ii, 01 5 (e) K 
«KKKC5rf «fc3*C. A 1 ,. 5 Ga B . 5 NI2 7<bGaN 
IRlOftWB^tt, Al,. s Ga 0 . s N127^ 
tt4LfcC4T\ Al 0 . J Ga„. i N127rt-ella3tl 
■CC^S. Sfc, A 1 □ . 5 G a 0 . s NJ1 2 7 iA l B . 5 Ga 

GaNlf 1 iAl 0 . s Ga 9 . 5 Nl2 8 <DI?ffi-Ct&^<D 
^^4DTC^ 0 C(D<£^CC, gi^Al B . s Ga 
„. 5 Ni2 7^tMtSC<hr\ GaNltli 
A U.,Ga.. s NJi2 8<Dtt^3QBaia«WSh, *5 30 
***W±*4^#** 4**6*1*. tt*J. fcLk© 
J:55Ecy*xX^6, *HJfc(OJ&J!i©»«lCCGaN 
*ffl^*altW2 7, 28(CAl l .,Ga,. i N4SC^ 
JfiWcfc, A l'Ga'NJ12 74A 1 GaN128« 

[0 0 8 8 ] (!Ok<DJftB 1 1 ) **rc©ie*© 
3&JB 1 1 tCO^rH 16 4017 tfflC>tKlWS, 

[0 0 8 9 ] t£A£« 1 4 or, *B«fl»H»r*lfe 1 
x 1 0 a cnr a ©GaN*SSK16, A 1 .. s Ga,. 5 NJS 40 
Att«; A 1 N£A&fi&;Bl>> 4^fti2 5 4 0T, 
GaN. A 1 o. s Ga 0 . s N, A 1 N^ffl^"C, T^"CCD 

fiS^7 0 0WP)l 1 0 O'CSS-C^fcSttfc. 

[0090] i^hoaa^icoi^fe, ^9»n 

2 5<D/£fiSS#9 0 0 4 4B1 6 <a)rt>6 

(c) cc*rj:9«c, aai3ws<ca«wia*ir(r»< t 

OOWCtt 017 (a) *>6 < c) K^TJ:^Cc 50 
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1 GaNfcJ:0«l«3tifca«l±«cSS6*»J«OA ] 
G a N J: 0 filESS tifc¥*tt» 2 5 4^^^, 

iMctt. AlGaNI2 5(DMiStLt90 0 e C$: 

[009 1] (^IfeO^tt 1 2 ) osTCC, *^(D|US 

oBst i 2 ^coc^0 1 8 im^xmrn-r^a 

[009 2 1 Ifnt gtt*W**tf?T4T*R-C 

* M£fL/c (0, 0, 0. 1 ) ~C$>&V'y r * 
4(DS7cSffl»tfi-c 1 3 00'C-Cl ob^bahnl 

0. 1 MmUhOSiWf S^f^ift 

So 

[009 3] ip2£M$ffi| 2 9 k£A i , i5 Ga 0 . s N"C4>5 . 
¥^*®2 9©JEKfiSS*3 5 0"«p<5 1 0 0 0'CSr 
SffcStS-fc4t3. flcfififlWU 0 0°C*SS-C«A 1 
..sGao.jNttJSfifiLtt^ofco *fc, 9 0 0°C^SA 
4S8-CU, A U. 5 Ga tt . s N(iSK«^tl$^, 

SMSte 4 0 0 "CW± 9 0 0 *CfclT4 "T 
[009 4] ¥m»m 29tt9 0 0 p C&rf<DOi&WSL'C 
ftSCt?, ^HftfiDJKJBl 1 <om 1 7&C^LfcJ:5CC. ^ 

~C\ ^H<tJB2 9*J5Efi3Hi'/catt:. Al 0 . s Ga 0 . 5 N 

i25?:9oo -c«±©a«r jffifi-r a c 4 r\ ^ss# 

[0 0 9 5 ] *SOIifiWe«"CBSatt»c»H* 

2 9 te<fc 2 5 4 OX A 

l..iGa l .- 1 N4fl^5^ ¥m<&m2Qt¥mft 
JB2 5©ffl#£*><±K:oc>T, GaN^AlN^W 
fiKOA 1 GaN©a*^t>ti:t»l»"CfcHa<JDtt»3W» 
e>ft* 0 ¥^H2 5(DJSJlB^^2 5^iS 

JKIB4atitfJ:< . Jff$tv<tt0. 0 05/xmti±^ 
«fil*. &*J, $Hl(DiI'C«Alo. J Gao. I NI2 

tBWiMSaa^tt A l o. s Ga 0 . s NttJM 2 5 

a a t<o^mc j: o ^±B{tr a a £tf * » J: i ». 
[0096] (nsnoj&iB 1 3 ) o^cc, &&w<Dmm 

[009 7 ] 8e B eiSULT, Jg^£WlT&6H-S 
i C (0, 0. 0. 1 ) , Si ( K 1, IK Ga A 

s (i, i , i ) zm^ziumz^mmzM 1 2 4^< 
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mm^LXA 1 ,. s Ga,. J N«ai2 9 t A 1 05 Ga 
,.,Ni£M2 SffiWvSi&lstL. &*>\ SiC, S 

[0 09 8 ] *»f*J12 9©J5fcfifi]t*3 5 0°C^6 1 
0 0 o'c&vmtzvtctcz. l^mcDStKCCo^r 
t>«ffla*3W4 0 0 "C*«rtt A 1 o 5 Ga 0 . s NfcUSS 
9 0 O'CftjEASSflTCtt— SftA 1 0 . s Ga 0 . s 

J5S&KB4 0 0 °CJW±9 0 OTUMTtf *. 
[0 09 9 ] 29IJ9 0 0 ■CJMTOfiRfii&K"? 

■ 2 9*fiRftS-&fca(C, A 1 0 S Ga o . s NH2 5£9 
0 0 0 C«±cDM@["C^ST 5 1 i -C, £cPBtfHft bfg^ 

[0100] trte, Sfi l ©ffi^fiitfcoi^tt* ^Ife 

S i COJBftfltfifcoC^rfe. 6H-S i CfiUWcfe, 
4H-S i W3C-S i C9. ffi©tt»»JS*#T* 

s i c{coi»rfci5«cofe»3Wf#e>tiSo &*>\ 

©^«r«**fls«2 9 2 5 i LTA 1 

2 5©ifi*^b^iLt, GaN^A 1 N*>ft©fflJflE© 

[oioi] <ie»(o»jBi 4) ^^ouss 

[0102] Htk<D0S8 t*<Htt«cLt, A#ft© 

g a n ( o , o, o, i) &m±.^vy ^-y^(omm 

[0103] C<D±tC&M&mtf&A 1 o.^ao.aN 
H2 5 3&S6 MmflJS-r5 B A 1 . . 2 G a.. . N12 5 <Df& 
fiORt JS*4iCS i ftSl^iS e*5l>«Mfir*£l>tt 
Zn4dt?K#4*»A-r4Cir. A 1 0 . 2 Ga , . . NH 
2 5*«:qRW»ftWAbfc. *HH©»JB-CB, fUfeO 

toSWiur-th-eh, <s i h«K -feu 

>^k*3R (H»Se) % l^^y^P^>^yx^7>/' 
( (C S H 5 ) Jg) , ( (C 

H 3 ) ,Z n) 

[0 1 0 4] A l..,Ga.. i NJB2 5 4iCE)^|«JflW<!: 

«JOi8^fc^««!«fl[*l x 1 0 !t cm- 3 J;Wt<t 
Si, 8M±©*ffiJC»l 0 0 nm*-#-©GaCi3&*» 
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wwbki x 1 o^cm-'WTtTSiE*^**. 

[0105] ttfc. ^tttti^trJPStt*!!*©^^ 

JfeOBSS^S i CDffete. G e»©fftCDB«eaR*flHl»ft: 
*S8ft©JKlB©S e Office. O-^S^cDfficDVI 

12 5ttAlo.,G.a,.,Nt»S#, ffig<DfflSfc(DA 1 

So 

[0106] <mb<ojm i 5 ) oftc, 

[0107] mkOSttS |H]«CCLr, 
GaN(0, 0, 0, 1) attLhfc* :b^-f^OJBJH 

[0108] C©±fc^*fflarr*A 1 0 l Ga 0 ..N 
Jf 2 5£j&fi-f 3„ A lo. I Ga,.,N12 5 CDJ&fitD 
IB. GaiAl (D*Jl{m&<Dm-rt!:t>%IIim<D*:Jl 

Jt**, vm*>i>&m/iiim*:>\<ffiM= 100-100 

0 0 <hft&<fc^CL/c 0 COlSiiiiS^JHSiaiB— s<t 
U/Co J5fcSfiJKte9 0 0"C3^6 1 1 o o*crft*. 

[ o i o 9 ] 0 1 9 BVK^ufia&M/iiift-t^e^ 

S («TV/lIltfc<!:«K) «5iim©«4fl«H«C 

tTOccaa&a*«fir*fcA©^3WtAi/. v/n 

itbtf 2 0 0 HTtttH 1 7 ±H«®J«fiflBS<!: ft 9 v 

<DjgJ5StcttV/nitfc3W2 0 0J:»3^:*<, K*o<« 

1 0 0 OtLbMTC**. 

[0110] *IB»OJ&Ji8T?«*a»f*Ji2 5 <h L 

tA l 0 . 2 Gao.,N^Il^ fifeOffl^cOA 1 Ga 
NWaN, A I NfCoiirfelH«©«**i»6ti* B 

[0111] 

40 ffi^PiSM^^¥^^^offilftM^^^-r * c t &c J: 
[ISH<DlB*ttttl83 

[El 1 ] «cfc»6**^-T-©Wr 

[S2] ig^f*^gcDK^ffi^-ra 

[133] ^^CD^SS(Z)^2tCfcWS¥^f*^ J ? L tei 
[0 4] 

[as ] ftrnxommomms tcfct^^i^si 

50 H^^TH 
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[06] R^mtO)Hi^«^ll * 

[H7 ] *^CDHSfe(D^^4^i3^^*^{*S^4 [ 5j: 

[sio] ^mMomm® &f£7 (rctevz^m&m+cD 

[011] ^KOl^O®]B8(Cto^£^«»StR«: io 
[012] ^ao^0^tt8(Cte^&^«flESKC!> 

[013] ttW<Dmfc&M»9tctoV&!m#W&Z: 

^*T0 

[0 i 4 ] ^mmmm<omm i ■ofc*s&*s¥»tt«« 



1 5 ] 



[016] *»§8©Htt©J&ll8 1 1 Scte^T, 20 

*S9 oo"c*a*at*o^R8(D*ift*^-rH 

[017] ^H0|gk<Dj£jB 1 1 &c*5l>T, /SSfig 

^900 °c&t<d t * coxmcomwi^rm 
[0i8] ^mmmmmmi 2tctav&¥m#&m 

[019] ^wo^mommn sccjb^-c, vjs*^ 
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4 
5 
6 
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8 
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1 0 



GaNJB 

nSA 1 GaN^7*; KB 
nSGaN**V F» 
t£1£B 

pSGaN*#-f KB 
Sl(DplAlGaN^7vFl 

»2©pSA 1 GaN*-7 * KB 
plGaNn>i?^ hB 



1 1 nSti 
1 2 pSI6 

1 3 

14 A 1 NJi 
14a, 15a DQCi 
15,16 GaNl 

17 T Is K — T7"G a N § 

18 nIGaNI 
19 

2 0 y— 

2 1 Ku-f >ms 

2 2 AINa'77 71 

23 n^GaNI 

2 4 AlGaNliJ^P^I 

2 5, 2 6 ^zgffcJt 

27,28 A I G a NJH 

2 9 AlGaNB 
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